A novel, simple, less time consuming and cost-effective sol-gel method has been developed to synthesize nano titania-silica with polyvinyl alcohol (PVA) composite relatively at low temperature in acidic pH. Titania sol is prepared by hydrolysis of titanium tetrachloride and was mixed with silicic acid and tetrahydrofuran mixture. The reaction was carried out under vigorous stirring for 6 h and dried at room temperature with the addition of PVA solution. The resulting powders were characterized by X-ray diffraction, scanning electron microscopy, transmission electron microscopy, Fourier transform infrared (FT-IR), UV-visible spectroscopy and thermal techniques. The grain size of the particles was calculated by X-ray diffraction; surface morphology and chemical composition were determined from scanning electron microscopy-energy dispersive spectroscopy; metal oxide stretching was confirmed from FT-IR spectroscopy; bandgap was calculated using UV-visible spectroscopy, and thermal stability of the prepared composite was determined by thermogravimetric/differential thermal analysis. Since TiO 2 got agglomerated on the surface of SiO 2 , effective absorptive sites increase which in turn increase the photocatalytic efficiency of the resulting composite.
Background
Polymers are of profound interest to society and are replacing metals in diverse fields of life, which can be further modified according to modern applications. Organic-inorganic hybrid materials are hi-tech because they can simultaneously present both the properties of an inorganic molecule and the usual properties of a polymer (an organic molecule). These hybrid materials sometimes lead to unexpected new properties, which are often not exhibited by individual compounds and thus open a new avenue for chemists, physicists and materials scientists. These hybrid materials are new, versatile class of materials, exhibiting a vast application potential due to their tailorable mechanical, optical and electrical properties [1] .
Nanoparticles have been prepared by many methods such as Langmuir-Blodgett films [2] , vesicles [3] and reverse microemulsions [4] . The chemical and physical properties exhibited by these materials depend, among others, on both the composition and the degree of homogeneity. Therefore, different synthesis strategies have been developed [5] , such as co-precipitation, flame hydrolysis, impregnation and chemical vapour deposition. The sol-gel route has demonstrated a high potential for controlling the bulk and surface properties of the oxides [6] [7] [8] [9] [10] . Depending on the conditions, the binary oxides could be obtained as aerogels, either by supercritical drying or by silanization of the material by conventional drying [11] . Additionally, non-hydrolytic sol-gel routes have been also reported [12] .
The physical and chemical properties of titania (TiO 2 ) in the nanometer size range depend on phase composition, grain size and dispersity [13] . In many aspects, nanosized TiO 2 crystals of less than 10 nm show significant differences with bulk TiO 2 due to the quantum size effect [14] . TiO 2 hydrosols consisting of highly crystallized nanoparticles have been widely studied in the fields of photocatalytic degradation of pollutants [15] , self-cleaning windows [16] , sensors [17] , solar cells [18] and electron chromic devices [19] .
In this work, we report a novel sol-gel method to synthesize TiO 2 -SiO 2 :polyvinyl alcohol (TSP) nanocomposites at room temperature.
Methods
All reagents used were of analytical grade purity and were procured from Merck Chemical Reagent Co. Ltd. India.
The prepared nanoparticles were characterized for the crystalline structure using D8 Advance X-ray diffraction (Bruker AXS, Ettlingen, Germany) at room temperature operating at 30 kV and 30 mA, using CuKα radiation (λ = 0.15406 nm). The particle size was calculated by Scherrer's formula. Surface morphology and their composition were studied using scanning electron microscopy-energy dispersive spectroscopy (SEM-EDS) (Model JSM 6390LV, JOEL, Peabody, MA, USA). UV-vis diffuse reflectance spectra were recorded with a Carry 5000 UV-vis-NIR spectrophotometer (Varian, Palo Alto, USA), and FT-IR spectra were measured on an AVATAR 370-IR spectrometer (Thermo Nicolet, Waltham, MA, USA) with a wave number range of 4,000 to 400 cm
. Thermogravimetric analysis (TGA) was performed using a Perkin-Elmer, Diamond TG/ DTA (Perkin Elmer, Waltham, MA, USA) at a heating rate of 10°C/min under a nitrogen atmosphere.
The TSP composite was prepared by the following method. In the synthesis of Sol A, titanium tetrachloride (TiCl 4 ) was used as a precursor and was mixed with ethanol, hydrochloric acid (0.1 M) solution and deionised water in the ratio 1:2:2:2, respectively. The mixture was stirred for an hour and maintained in the pH range from 1 to 2. In Sol B, silicic acid (6 g) was mixed with tetrahydrofuran (40 ml) solvent under a nitrogen atmosphere and stirred for an hour. Sol A was added to Sol B; the colourless solution turned reddish brown, and the mixture was stirred for 3 h at 60°C. The polyvinyl alcohol (PVA) solution (1 %) was added to the above mixture at the rate of 20 ml/h and was stirred for 2 h. The gel turns from brownish to yellow colour. The gel was dried at room temperature. Finally, the mixture was heated at 120°C for an hour.
Results and discussion Figure 1 shows the SEM-EDS images along with particle size distribution of the pure TiO 2 sols and of the colloidal TS nanocomposites. The TS particles exhibited irregular morphology due to the agglomeration of primary particles and with an average diameter of 10 to 15 nm. On the other hand, the colloidal TS nanocomposites exhibited regular morphology (Figure 1 ) since the TS cores were coated by PVA, which was confirmed by transmission electron microscopy (TEM) image (Figure 1) . The average particle size of the colloidal TSP nanocomposites was measured to be 20 to 25 nm. Figure 2 shows the XRD pattern of sol-gel-derived nano TS and TSP composites. The crystallite type of the TS nanocomposite particles was the pure anatase. The most intense reflection at 2θ = 27.5°is assigned to anatase (d 101 ). Not much difference has been detected between patterns of TS and TSP composites. The powders showed the crystalline pattern, and the observed dlines match the reported values for the anatase phase. The intensity of reflections appeared to be decreased for TSP as compared to TS due to inclusion of amorphous SiO 2 . The average crystallite size was determined by carrying a slow scan of the powders in the range of 24°to 27°with the step of 0.01°min -1 from Scherrer's equation using the (101) reflections of the anatase phase assuming spherical particles. Using the Scherrer formula, G = 0.9λ / Δ(2θ) cos θ, an estimate of the grain size (G) from the broadening of the main (101) anatase peak can be done, where λ is the CuK α radiation wavelength and Δ(2θ) is the peak width at half-height. The nanocrystallite sizes were found to be 10 to 15 nm for TS while 20 to 25 nm for the TS-coated polymer (PVA). The weakening and broadening of the XRD peaks may be attributed to the decrease of the sample grain size and the increase of the SiO 2 content. The introduction of SiO 2 can effectively suppress the grain growth of anatase compared with pure TiO 2 . Moreover, the suppression is more remarkable with the introduction of higher silica content, which is consistent with the literature [20, 21] . The major differences were the narrower first maximum and the broader second maximum. Figure 3 represents the FT-IR spectra of the sol-gelderived nano TS and TSP composites. The peaks at 3,400 and 1,650 cm −1 in the spectra are due to the stretching and bending vibration of the -OH group. In the spectrum of pure TiO 2 , the peaks at 550 and 1,479 cm −1 show stretching vibration of Ti-O and Ti-OTi, respectively. The spectrum of TS shows the peaks at 1,400 cm −1 and450 to 550 cm −1 exhibiting stretching modes of Ti-O-Ti. The peak at 1,100 cm −1 shows Si-OSi bending vibrations, and the peak at 1,005 cm −1 shows Si-O-Ti vibration modes which are due to the overlapping from vibrations of Si-OH and Si-O-Ti bonds. Several peaks appear at 1,284, 1,361 and 1,766 cm −1 , which may be attributed to organic solvents, and as the treatment temperature increases, these peaks become quite weak and even vanish. These results indicate that TS nanoparticles were prepared by a combination of TiO 2 with SiO 2 nanoparticles [21, 22] . SEM-EDS results show the presence of metal oxide bonds in both samples. Figure 4 represents TG-differential thermal analysis (DTA) curves of TS and TSP composites. The major weight loss was in the range of 80°C to 100°C. The thermal stability of the hybrids was investigated by measuring the major decomposition temperature, which was determined from the first derivative of the TG-DTA curves. In TS , the second and third weight loss occurred at 210°C and 410°C, respectively, which indicates decomposition of organic molecules and shrinkage of the bonds of Ti-O-Si; For the TSP samples II, III and IV, weight loss occurred at 190°C, 309°C and 815°C, respectively, which indicates the decomposition of hydroxyl groups and organic molecules; beyond which, there is no weight loss for both samples, and it may be assumed that the amorphous phase has changed to crystalline phase. TS and TSP composites were stable up to 1,000°C, which indicates that the TS-doped sample is more stable than TSP. The result reports that the thermal stability of the hybrid materials was significantly improved compared with that of the bulk compound.
In Figure 5 , the UV-visible absorption spectra for both composites were observed at 340 nm. Actually, the band edge of bulk anatase is 3.2 eV and is also shown on the same graph. After heat treatment, a small modification was observed due to the presence of anatase nanocrystallites. Indeed, the gel was highly transparent, and any absorbance which appeared at energies below the bandgap energy was a result of interference fringes and of the high refraction index of titania. When Si was present, additional small peaks were observed in the absorption manifolds as seen in Figure 5 . Furthermore, due to the smaller particle size and higher dispersity, presence of SiO 2 content results in higher transparency in the visible region [9, 21, 22] .
Conclusions
The water-based colloidal TSP nanocomposite was successfully synthesized as anatase TiO 2 , TS particles and PVA by sol-gel method. FT-IR spectroscopy showed that the Ti-O and Ti-O-Si bonds were formed and that addition of SiO 2 particles alters the size and shape of the TS particles and also increases the thermal stability of TS particles. The addition of polymer (PVA) could effectively suppress the particle growth and improve the stability of TS hydrosols. It was also confirmed that the TSP mixture has high thermal stability, which results in the suppression of phase transformation of titania from anatase to rutile. The crystallite size of prepared particles decreased, and the surface area monotonically increased with an increase of the silica content with polymer. 
